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Adventitious Presence of Herbicide Resistant
Wheat in Certified and Farm-Saved Seed Lots
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ABSTRACT
‘Jarietal punty In wheat lThlicum aestivum [ .)
nC3C1 piaductiuii is necessary br acjronornlc
ui iimurm’ty and to enable potential rnai kiat sugru
qation. We conducted a survey of certified and
farm-saved seed samples using a nontraus
genie im,dazolinorie—resistant (IA) wheat culti—
var in ,‘004 and 2005 in eastern Colorado- The
objective was to compare varietal purity based
on type of seed producer and IA wheat history.
Ninety-two samples of non-IA varieties were
taken from certified and farm-saved seed grow
ers. who either produced or had never produced
IA wheat. Adventitious IA seeds were detected
using a scud soaking technique in samples
from each producer type and each P produc
tion history. Levels of IA seed ranged from 0 to
Ii 28%. One certified sample and three farm
savud utirnplm exceeded the 0.1 i’, thrushoirt for
off—types in certified wheat seed. Using a two
tactor analysis, farm -saved production class
md positiv’ 118 hctorv iii -rrrnnod tho ,ctIrn:
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G tNt prow in wheat (Thticurn aestir.’urn L.) may occur via pc1--len movement between fields and by adventitious, or unin—tentionab presence ofa diffbrent variety in an otherwise pure seedlot. Gene flow in wheat cropping is currently a concern for certi—fled seed. productirtn (Duel and Matus—Caclis, 21831) The poten—hal Or gene flow is also a component of risk asseasrnent ide allgenetically engineered (GE) crops lAndow and .Zwahlen, 200b),No GE wheat varieties have been corn rnercialized to date, hutin *ormation about the two sources of gene flow i.n wheat is tel—cvant (hr developing appropriate seed procitletcon practices.Little infdrnsaticn is available on seed—niediared gene flow
o ant ° u srg ab a e fi p d tu n F e

— p n o ed opedigreed wheat seed- production has been evaluated by .Appl.eyardet al (1.979) and Mud et al 2004), but these studies cliii not address
o Curt on r r c a e t is r Cit 5 lu t i 0 it Iaced acne’ flow. Produeti.on practsccs that could potentially influenceseed-mediated gene flow tuna include volunteer plants Rents r:mc’vi—ous ciops acnd mechanical mixture dursng harvesting and seed clean—
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dc.n .fftvpe stc its a Colons ha certifted wheat .seed
I ( ) I ( r v

2003). but no s ndard ex.ists .tbr purity of fi.Cfl155j:..5...d seed.
Approx.ii.uately 24ff o±gi.ain production in Colorado is from
nekh phi nted E.u cctrtihed seed. indicating tint most wheat
in Co.lorado is produced fro.m. ffrm—s.sved seed. (B. E.rk.er,
Loioraciu Seed Growens Association, personal communici—3i5J 1,iti2nsov1rInserwlIcion
practices, whether certified or fiirrn—saved, may contribute
to adve.ntiti.ous presence c.f undesired seed n wheat seed or
cram Ots

Tmidazoli..none—resistaor (iRi sehear is u.sefhl i.br m;.snag-
.i.ng jointed goatgrass Aeyitops cyhndrsca Host) i.n wheat (Ball

1 0 u c 0 t r iii it sc 13
rnc,nse, w.heat pollen can. fertihise jointed goatgrass (.Ha.nson

et al, 2005) and. the resulting hybrid can terse as a bridgr
ra nO r t o iointe I o r r s ang rr

aL 2.001), Resistance rna.nacresnent plans have been dimeS-
opec! to rerluce the r.isk of gene introgressior] fro.ns JR wheat
to joimed guatgrass whets IR wheat. ts planted intentionally
(Tan et al. 2005) and one component of resistance manage—
went is a prohibition on saving JR wheat seed liar replanting
Adventitiosis presence of JR wheat in either firm-saved or
certified non-JR wheat seed lots due to seed—mediated gene
flow could increase the risk of gene iiitrogression from wheat
to jointed goatgrass

The release of the nontransgenic JR hard red winter
wheat cukivar ‘Above’ (Haley et al 2003) provided an ideal
candidate trait liar measuring seed- mediated ene flow. The
herbicide resistance trait is a single—gene partially domi
nant trait on c hrornosome oDL resulting front ii chemicalI
induced mutation its the acetolactate svnthase (A Lb BC
4L3 18) gene (Tan et aL, 20055 This variety was released to
seed producers in 2.10 I. and ro ccrnmercia.l growers in 2002.
The oss.ibiiitv rvOtc thar seed mediated gene flow may
occur du.ring seed production The magnitude of seed—medi—
a ec.i gene How may depend on JR. wheat production history
as well as s.eed production class (certi.fied or firm—saved) The.
olectivv of this study was to compare varietal purity of e.en—
rail western Great Plains certified artd farinwas’ed seed pew
duetion systems based ots the probahili.tv of advmntit:iou.s .JR
wheat occurrence in non—JR wheat seed lots.

MATE) REALS A.. ND METHODS
Sample Collection
(.nnisoaasc se.n.itiect wee producers went cienut ei tiitistIiJh t as
(lorajo Sted (Srnwers Association, Candidase cimoducers I r
lam i-•saved seed ssnsples were identified through Coior..sdo State
lSIi5”rurV t copematcve Earetnor agents and personal contacts
Produce rs wlltris’ to nartiespite in she study wese ciassifed by
whether thee lsad taroduced the JR wheat eultivar Above hut—
mis the 2.005 i’row tisi s cason or a os p re v ens crewi mict season.
lnfbrlnatier abetS previous (drditd tCtStStiti:i, ts,ts’ettsd 9•5

ossts ass seed. jo og was iibta.iisei through intetOle •sn. with
pa stir sidiriliss prcds

ha rh seed si ‘tsle mc s from s di sminict seed lot basedvariety and ptodcx I o elcsss hcaton, Certttied. seesO samples’ of(ci were mien 1. i’t’ ttt)tiS SiestaS Vt ci lot si lnpi.cs cept inr 5 ta th I ole a I a S 20 Ic it e t J ii o a ‘F t IC.. (.5. These sarnpse s had bcc.ms harvested, cleaned, arid collectedcci ceding to Ccltsradc cettified sech mrotoeols Coor’ranuefcnniers and extension sgents obtained representative samplesf farm—saved seed used kr plctst.srtg. Jmiese s.a.tnpes ranged nsize. horn I to 2 kg.
Fifiy saulpies of seed pmod.ueed in 2004 or 2005 were collected from live certified seed ni-nd Ltc.ers crlo ii.sd ennwn .,—\tsoveboth years. tmmersteen samples of seed pnodu.eed in 2.005 were

Ileesced trorn ti i certified seed producers who had nevererou’n Above. Twelve samples of seed pnodu in 2005 wet-ccollected from eight nroducer- who saved seed of non--JRvarieties grown on riwr thrn:s aid also mesa Above, f-snails,13 samples of seed produced in 2001. went’ collect e tfora 10producers-ho saved see.d of nun—JR varieties grown on theirfarms cud had never grown -v lR wheat.

Screening Method Development
The nidazolinone resistance traIt of Above wheat movdeda selectable marker that was u.sed to screen large samples, Aseed—so,skine rnethnd was user) to deter us inc the frequency ofhemhieid.e resistant seed in each sample. A dose’ response ex.peni—

mend was conductel using Above and the non—JR wheat eniti—var ‘Ike’ (Martin eta),, 1995) to test the seed’-soaking method.f-or this test, 3-g seed samples were incubated on a shaker tableat 50 rotatIons mini dir 24 H in sclutioris csfl3 I, 5, H), 20, 50,100, 200, and 500 pM of imazainox [fiS)—2’-(4_isopropyl_4_
methvl—u—oxo—O—imidazolln—2_yl)_e—inethoxyn’ieihyltuccintnic
acidi herbicide To ensure that the method would bit able toselect hetenozygote as well as homozvgote—resistant individuals,hererozvgote seed from controlled crosses of Above by non-JRwheat were also si.valuated. As a limited number of hteto’cgc’tesecci caere available ossly two cons m rations of isnazamox,20 and 50 iIl, were tested.

The seeds were planted into 15-- by JO—em pots contain—
I -, 0 11 te 1 ‘a r ‘i, III I as , ‘se uj rareJ—ii,srtienltsime, Belles or, SXTA) A further 2 cm of nr,mtinct inediscrass olseed ovem the seeds, The pots avert.’ placed in a green-
— Iliac ,L ttn t I—

— I
sodium halide lamps to provide a 14—Is davlen th and, watered. asrersdred .heytimsse tesrsperatetes set S appros.ssnsatesy dde C n.hF iit”-i

,, C
tnemic.ssvere assess.ed 10 d aftc’r sossong and pdan.ts th.ist e.memgedfi:c.tn. mIt’ potting medic and rd:dactseei the t’st•-i.S stage wet-cconsidered to have emerged. The exoeri.r aeet.s ss.’errr ree’ectce’,-lsviee fs’ith tlstre ne.plieate.s in cad’s

Sample Screening
A total t•st• 150 p of sectl dons each. pmociuction class samples H ii to , a a ‘ l H —1 i it i’smixed with 250 niL of a 25 pM soltt.tiois ofiosdlzamnox ti,) test forpres.enee of 1k s.eed. ‘The samples were thomoughh’ ii.sixecj a.n.tiplaced onto a stis her table :st. 50 mn•ita ut i’s tel n fiat. 24 ii. ii a-cit

“d’lir.lli’sa”I1- the.rs sptcta.il c-n the sumt’isce ref pe-tun.g moech.a in
a .50— dv Id--emit fiat aries cc veneci. ‘wish 1 .

The flats. were placed ret S simeen ho use under Soc s rIte ii. tilt’
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and temperature cond.itions used in the m.ethod development.

•Piants were watered d.aiiy.
A s-ubsarnple of3 p was taken from eac.h sam..ple to estimate

s:pecrtid ermi.rsation. Ihesis subsamples we.re. soaked in 1. bud.

ot disniieej water for 24 0 and titers Canted in OottinO mix and

ulueed :ri rho same reenhou.e eundittuns as described aF.c.ve

A corset ut total enleritect rants was t,aessn 2 wk after ptao--

lIt t Ii it

sva- used to caleufate the eanected erniinatinn fun is the I Ott_n

aspi Jose_I tor ,c. reening
A hiS itt applicatron 0 nlazatns.x seas api red to samples 1

(I stier emernenee To cOmsnate also so seep-utile panrs P tat

C.. ‘.4, 0” 5. t,i. r.Ic .i C. .fl.&; CC C’,.Oi ,.O
--

I &C

u.n ran- was 35 p ha i inazaulux Wi is 0.2% ‘- isc’vi sierisirirstes or-

fOictant %etivator 550, .Loveiand industries Inc.., Greeley, COt arid

0% 1v/v) urea a.rnmoniurn nitrate in a pressured spray c.hainher

ca.librated to deliver 187 L ha° at 206 kPa. Seedlings were cOpped

with electric shears 2 d a.fter spraying to remove the top leaves

a.nd plants that regrew were considered resistant. .A total count of

resistant plants horn each sample was taken and survivors- were

transtilanted. Tbe number of resistant plants was expressed as a

taercentage of the expected number of germinating plarts.

Leaf tissue samples were taken from surviving plants for

genetic analysis. A subsa.rnple of five surviving plants was taken

if a sample had more than 10 survivors, Using proprietary poly—

ii rase chain reaction (PCR) based protocols and pritners from

the HASP Corporation (Research Park Triangle, NC), survi

vors were tested for presence of the same mutation m the ALS

gene sequence as in the cuirivar hove. The PCR. protocol

dctermnmned whether the surviving planrc were hornozygous or

heterozvgous fur the trait.

Data Analysis
The dose response data were analyzed by log—logistic analy—

S —Id D I 5o n. I o’n I. rat bf ad — at S r— Sat

1 )tes,,oo, tZAc ‘The seed—lot data were analyzed .is a two—lint cr

esseralized linear nsixeis s-node! usinse- Proc GL-IMM IX GAS

Institute, 2005). Occurrence ct I imidazoiinone resistant seed its

a sample was nsodeled as a binomial rando.na variable. The iogit

of the binoenial probability was modeled as fix-ed effects ofpro

sioetion e..lass (eer tifaed, farns—saved) assd previo-us lIT produc

tion (yes or no) and an. interaction. Groaver and sample nested

within gro-wer were normal random. effects nested within pro

duction, class and 1% history-. One—sided tests of main effhcts

were used. due to the assunsption that famns—save-d prod.uction

and a positive history.- of 1% production would not decrease the

peot-cability o- foccurrence. Since t-rodoftion practices including

fi-eid rotations may vary ac-ross years (2am a g-rower, samples cot---

cteii from the san-.e rowe--c in r,\-s-’ci s-Ti il2u-ent years were treated

RESULTS
Screening Method Development
itt t lie dose response study, there Cysts nsa sian iricanr djdkr—

cone betwet-rr runs of the experiment. ‘so data were pooled

across rsus-s The JR ss’heu t en! try-sr ,-\hnve emerged sue—

C C .-.‘_ki. C- fl t.fl .t ,: - U’ U .L , 0-.” if.?.’ . ‘

1 Reatsorseso ot ts ni5r’-’’rstiStJçiCflU’ p.ss_rsj5’sf-rf i’Ifr,-a’ .. cu-P
sn uThs1siszrJiinonerrass;stsant iD,hove’, •i wheat (Th0c-o,n. Santa]; urn

Ct.f I ‘s4lt 24—h ass-nc sc-saksno in -‘canasta cctn-contrsssh-ons at
i-mazamox herbicide. Data ate rue-aPes with standard error (s-era of
six teplicates t cross two exp’e-rirnent-s, Line-s are Iog-fogisti-e. fits
to the data and are y =- -100/il ± e5s-sts”ru-4’-55ts5 ((or ik and p
108.3/(1 ±81s.ssa—ogxr—a.sessf tot Abtive.

(Fig. 1). The tson—lR eultivar Ike was susceptib-le to irs-ia—
zamox, with less than 2% of seedlings emeeging at con
centrations higher than 20 1tM Emn.erged seedlings of Ike
indicated that the screernr-iLs method elimie-.ated most sets—
ceptible seedlimags but a small .fraction did not imbibe suf
ficient amounts of imazamcsx to in.hibit germination. An
additional foliar imazamox application was necessary to
eliminate all false positives. The LD,, fiZST Above svas 462
0M, whereas that of Ike was 6,7 pW, Emergei’ice of the
heterozvgotes was 100% at both imazaniox concentratIons
tested (data not shown); however, the h.ererozvgotes were
stunted at 50 uA’I imazamox. Therefisre, 25 liati iniazarno-x

was chosen as the concentration tot screening the seed lots
tot re.ssstance,

Sample Screening
‘T’he total emerged plants evaluated f/ar each s-ss.nsrtle rats.aed
(Scam. 4000 to 7000, ltrsidazoiinone—-resistant seeds wert-;
detected in sm.ples from growers of each producer type arid
with each JR prod.uctior-i i-Lstory (Table 1.). Detected levels
taf JR seed rasged -from a ls;w of 0.01% to a high of 11.28%,
One sample from certified .1% Grower 5 (Table 1.) consider
ably exceeded the 0.1.% certified se-ed threshold for presence
o-f. other varieties with 4.2% i.R wheat in a nors’-JR seed Jot,
‘This seed w.as prod.uced in a field that was in tilled -f)a.lloxv
the previous sea-s-on as-ad i.Tseited to .A.b-o-ve wheat two- seasons;
tireviously. One certified rson—l.R pro-ducer (C.Dower 9, Table’
I) !-aas.-l detectable lR... seed in on..e sample. This..-- producer c-oci-s-

.a - ._.tO,fl—

20()5, which ct-say ex.-i;s sts tnt.’ ct.tl’oets.tlt.irCs neees’n ci-’

‘Three lumen—saved satssplc5 Irons Grou.vtsrs 12 arid (5
were higher than (0% resista rtTabie I), Grower 15 pin
sfuced seos’l in ,s held that had beets planted to Above uviseas
two seasons previously. (irosver 1(1 had not pie vroi.sslv urn -

-jsu’cl Ahc’s-’e in the sanss’ field as (to s;irnp”eci seO Jots,

10 100 lOCO
knazamox concentration (riM)
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Table 1. Percentage imidazolinone resistant (lR) wheat (Triti
cam aestivurn L) seed detected in non-lR wheat seed lots

from certified and farm—saved seed production.

Producer lR
Y€sa.r Grower ID

type historyt
Certified... Yes 2005 1

a

a

4

Certified No 2005 6

7

8

9

15

16

18

Farm-eased No 2005 19
art

25

26

07

28

with the same equipaseurt The high levels tmf JR seed in
these samples may be due to mechanical rn.i.xture at ha.rvest,

or may mefleet adventitious ER seed from previ.ous yea.rs in
which. Above was grown and non—IR seed was saved..

Results from Proc GLIMMIX indicated that va.r.ia—

Con sine to production class (eerutied, Gras—saved) was
stgnflcant at r’ g5 0-,w,ii.’ 0,0435, Variation

due to I R, histor was ,is_rsifieant at. ii, .1 lone—sided P

tins, sttrndicant, The esttmated

s_tenser was Ic--; lot eertitie-d ‘9.4 10

Grrn—sa se d YR .r and less tot ties_dOve JR history

) inpared with positive (54 er ii ) (Table 2),
(4t’ averages both producer types and both JR production.
histories had an estimated proportion ofad.ventitious es—
ence that is considerably lower than the 043% threshold for
certified seed, J lowever, these estimates do not indicate
that levels of adventitious presence substantially above the

thresho Id 11 not occur, as same samples did exceeri
tie threshold ‘Table i’.

Based on the PloP, results, nearly all of the .113 resists_ut
1 0 F

- is

mutation the remaining (2 plants.) were ileterosygous
All plants tested carried the mutant resi.stancs allele. Plants
heterozygous for the .mnutation, as de.termined b-v the PCR
test, were fdund in one certified JR producer sample and
in one farm—saved JR producer sample, with the majority
of plants in both samples being hornozygous. The sample
containing a heteruzygous plant from Grower S (Table
Ii was produced to a field tl’iat bordered Above wheat, so

gene h-tw Is d reasonable explanation, All
resistant plants from certified non—LI& producer samples’
and farm—saved non—ER producer samples werre laoinozv—
gous (Table 1).

DISCUSSION
This study provides the first report of the frequency and
magnitude of adventitious presence of unintended wheat
seed during seed production in the central western Great
Plains growIng region. These results indtcate that seed—
mediated senc flow osc’iarriitg n both certified and firm..-
sat-cd seed production Because most of the resistant plants
cieteeted as non -.1 IT seed lots were isonsozvirous, seed mix
ture is a snore hkelv explanation fOr the soure.e o.fo.enc flow
that pollen drift durin.g the growing season, which would
have produced heterozygotes in the generation after cross-
pollination occurred, Although the detected resistance.
could h.ave developed through. spontaneou.s n.iutation this
i.s unl.ikely because the PCR prot..eol specifl.calh.’ targeted

e s,nuts_n.t ALS allele carrsed by Ats’ove ashes_st ansI ad tests_C,

Atial’csii’n.f the data indicates tI’s at certified s_rower

i..i.rns.-saves grower seed lots, tHese os_ta are rIse- .1-us_yes—
ties_c th.at adventitious presence of a par-..ticulsr variety is
more l.ikely when. a growe.r has a history of producing that
variety. The implic.ation is that con’sbin.ing thic hig.her
prohahi.lity produ.ction cl.ass (fbrm—savt..d) wit.h the higher
probability variety history (positivtj prod.uces the highest
adventitious presence.

‘[bc-s.c results are based on adveittitrous tn’eseilce of a
nontransizenIc wheat cultivar with nc marketing, t’ectrjc—

1 11 tv-I t I’

No,
samples

3

7

3

0

2

6

4

43 fl seed1

.0-453
0

0

0

0

Ii

1402

100.

14,28. 1.539

I.

0

0

0432
1)

1202
0

s_i , 1 1 ‘ ‘ I’ n ‘ Or’ I

a , ., 5, I , i’ I 0t
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Table 2. Estimated proportion of adventitious imidazolinone

resistant (IR) wheat (Triticurn aestivurn L.) seed in the median
sample of the median producer in each class.

Proportion IR
Main efect P Level SE (x1O)

seed (xlOj
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small grains (Colorado Seed Growers Association, 2003).
A. certified seed crop must be planted on land that did not
grow the same crop in the previous season, while meg—
sterecl seed must be planted on land that did not grow

the same crop in the previous two seasons. A twc’-season
res’trcton 15 requtred when a white wvheae tbllows a red
soRest or vice- versa, ‘These re-ousrensents recngllize the
importance H nnIrlIrflITlns5 vc,lunteer vahear re r’oeiuce a
pure 5eQ lot he two exarntslcns, ofdetee table earroover cf
w 1 t r x ‘i i “ l

a tavn’cose’n w’s trios on rnasr not always he adeonate.

3’icclSalllt’.si t;xtss’e dt1r1i’ narve.stinsn 15100 Sr’HO lenin—

— S l S C O1”l” ft i sorts s’s j

— S
—‘ 5

n:s tarrs’-srcccC set.; pro1is.1ction ((.;o.lor;sclo Seen) Growers

5_ssoc5ation, 2l3)3i. FiascO ‘-‘s-’ ‘5,..., ‘—“-‘c-nc (5)5115 tUc1V teCUire—

S S

wet less than (.1,1)5% and is. libel art acce.ctahle level.

The preserie e of JR wheat in non—l.R wheat seed lots

provides an uiemenaged pollen source flu transfer of herbs—

id cUsDn rots 0 ,oitcs its Producers growing JR

wheat xviii likely ap.piy an imdazo.linon.e h.erbicide during

a growing st.ascsn, ach.ievt.; good control of joi.nted .oat—

gru and t’edoi.s’ oh once of resistant hybrid formation,
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